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LITHIUM ION SECONDARY BATTERY AND MANUFACTURING 

METHOD OF THE SAME 

BACKGROI JNn OF THE INVENTION 

Field of the Invention 

5 The present invention relates to a lithium ion secondary battery having a low 

internal resistance and a greatly increased capacity, and more particularly to an improved 
lithium ion secondary battery constructed by selecting a composite electrode which is 
prepared by adding a conductive filament to electrode active materials during preparation 
of the battery, and a manufacturing method of the same. 

10 Description of the Related Art 

While a lithium ion battery developed heretofore has a high energy density and a 
specific energy, it has a problem of high internal resistance. Accordingly, a practical 
capacity of the battery is prone to decline due to a rapid drop of battery voltage during 
discharging at a high speed. Because of such a disadvantage, it is known that lithium 

15 battery is inefficient in electronic devices which require high current. One of the reasons 
of a high internal resistance and a slow recharging or discharging speed of the lithium 
battery is a low electrical conductivity of materials and structures of conventional 
electrodes. 

In general, an electrode of a lithium ion battery comprises powder type active 
20 materials into which lithium ion can be intercalated and an adhesive polymer to fix the 
active material on a collector. Active materials such as carbonaceous materials as well as 
lithium metal oxides such LiCoOa* LiMn204, LiNiOj have a poor electronic conductivity. 

Also, particles of these active materials expand and contact repeatedly when 
lithium ions are intercalated or deintercalated. Stress resulting from intercalation or 
25 deintercalation along with swelling of an adhesive by an electrolyte causes loss of point 
contacts between particles of active materials. Accordingly, it is necessary to form 
electron delivery passages from collector to active materials while preparing the electrode 
for a high conductivity. In the case that the active materials of the anode are graphite or 
other type of carbon materials, the problem of conductivity is not as severe as in case of 
30 cathode. However, an additional conductor needs to be added depending on the kinds of 
the battery and the objects for designing battery. 

- 1 - 
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For this purpose, powders such as graphite in an average diameter of about 1 --20 
/im or carbon black of an average size of about 10-^500 nm can be added, as a 
conductor to the electrode. In these electrodes the conduction network is formed by the 
carbon powders residing in the void of active powder beds and interconnected by particle 
5 to particle point contacts. In order for the particles to function as a conductive matrix of 
electrode, contacts of active material particles should not be disconnected between 
collector and the forefront particles of electrode. However, these carbon materials have a 
lower electrical conductivity of about one thousandth compared to that of metal. And, 
since carbon particles in the electrode are electrically connected through multitude of 

10 point contacts, internal resistance within the electrode is fairly high. 

The process for forming electron passages by a particle type conductor depends 
solely on the probability of encounter among particles. For the making of electron 
passages by addition of the powder to be successful, the probability of encounter must be 
high enough to reach a significant level. Also, conductivity through electron passages by 

1 5 point contacts of particles is proportional to the increase of contacting frequency. A good 
conductivity can not be obtained without forming multiplicity of electron passages. 

In order to achieve these objectives under the prior art, a significant volumetric 
content of conductive additive has been used. Simple geometric calculations and 
common practice in Li-ion battery industry indicates the volume fraction of conductive 

20 carbon should range somewhere between about 6 to about 15 volume percent of the total 
electrode volume. Furthermore, the conductive particles must be fine enough to fit into 
the openings of active particle layer, resulting in the use of carbons with a small particle 
size and a large specific surface area. Naturally the electrode active surface area escalates 
unnecessarily, resulting in overall increase in reaction with electrolytes and organic 

25 solvents. The increased reactions can manifest as an irreversible loss of anode capacity, 
gradual oxidation and consumption of electrolyte on the cathode, which cause capacity 
decline during cycling, and an increased threat to battery safety by gas evolution and 
exothermic solvent oxidation. 

In view of manufacturing the electrodes, the fine carbon particulates cause poor 

30 dispersion, which makes it difficult to get uniformly dispersed slurry. Further, the 
excess, of . conductors, which, do. not contribute ..in forming electron passages 
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remains inside the electrode and constitutes an inactive volume, and thus limits the 
capacity of the battery and the energy density. 

SUMMARY OF THF rNVENTinN 
It is therefore an object of the invention to provide a rechargeable lithium ion 
5 battery comprising an electrode made of a fibriform electrical conductor of micron scale, 
and a manufacturing method of the same. 

One strand of fiber made of active material particles has the same effects as those 
particles in a row. The surface area per unit volume of fibers is small, and the electric 
conductivity toward horizontal direction in fiber is superior to that of powders. Further, 
10 the mechanical strength of fiber is extraordinarily superior to that of the particles in a 
row. 

The present invention provides a battery comprising an electrode having 
conductive electron passages embedded in it, wherein the electron passages are made of 
fibrous materials, the conductivity of the electrode is increased greatly, 
15 BRIEF DESCRIPTION OF PR A WTNG 

The present invention will be described with reference to the accompanying 
drawings of which: 

Figure 1 shows scanning electron micrographs of metal fiber-containing 
electrodes, in which (A) is of LiCoOa cathode with 4 wt% of stainless steel 3 1 6L fiber; 
20 (B) is of LiCo02 cathode with 7 wt% of fiber; (C) and (D) are of MCMB anode with 
0.5% of 3 1 6L fiber. The metal fibers are about 2 // m in diameter. 

Figure 2 shows an influence of metal fiber addition on cathode discharge profile. 
The cathodes are composed of LiCoOa particles, PVdF binder, graphite conductive 
additive, and indicated weight percentage of metal fiber. Electrodes were discharged at 
25 1/40 C rate. Voltage limit: 3.0 to 4.2 Volts vs. Li/Li". 

Figure 3 shows an impact of conductive additives on anode reactions with lithium 
ion. The volume fraction of conductive additives were maintained at approximately 
0.8%. The electrodes were cycled at 0.1 C rate between 0.01 and 1.5 V(vs. Li/Li""). At 
least three electrode specimens were tested and the reversible and irreversible capacities 
30 calculated and appeared in the Figure. Cr and Cirr are defined as reversible and 
irreversible lithium ion uptake, respectively. 

-3- 



- wo 99/00001 PCT/KR98/001 83 

Figure 4 shows battery capacity behaviors with cycling. The particular cell with 
metal fiber, shown here, was fabricated using 316L fiber-containing anode(2% w/w) and 
regular cathode. 

DETAILED DESCRIPTION OF THF INVRNTTON 
5 The battery prepared by the method of the preisent invention has a low electrical 

resistance and a high-rate capability. 

In order to achieve the objectives of the present invention, the lithium secondary 
battery provided according to the present invention comprises a cathode electrode, an 
anode electrode, an electrolyte and a separator. 
10 In the battery of the present invention, the cathode electrode comprises: an active 

material which is capable of reacting reversibly with lithium ion; a compound having a 
structure in which reaction products of lithium ion with an electrolyte salt or an 
electrolyte solvent can be deposited or precipitated; or a compound having a structure 
with which lithium ion can be intercalated. Examples of such active materials include a 
1 5 compound represented by: Lii.xAxNii.YBY02 (where, A = alkaline metal or alkaline earth 
metal. B = transition metal, 0< x<0.1,0^y< 1.0); LiMn2.yMY04 (where, M= Fe, 
Co, Ni: 0.02 ^ y ^ 0.3); Li|.xNii.YBY02 (where, B= transition metal, 0 < x < 0.1, 0 < 
y < 1 .0); NbSea; LixVzOs; or LixVfiOn (where, 0 < x < 3.0). 

Also, the cathode electrode comprises an additive comprising an electron 
20 conductive fiber of micron scale, a collector comprising metal and carbon materials, and 
an adhesive fixing the active materials to the collector. 

The anode electrode comprises a material, as an active material, which is capable 
of reacting reversibly with lithium ion; a compound having a structure in which reaction 
products of lithium ion with an electrolyte salt or an electrolyte solvent can be deposited 
25 or precipitated; or a compound having a structure with which lithium ion can be 
intercalated. The anode also comprises an additive comprising an electron conductive 
fiber of micron scale, an adhesive comprising polymer material, and a collector 
consisting of metal and carbon materials. 

Among the active materials for the anode electrode, compounds having a structure 
30 with which a lithium ion can be intercalated is classified into carbon group 
compounds and non-carbon group compounds; The carbon group compounds 

-4- 
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are further classified into graphite group compounds and non-graphite group compounds. 
Examples of the graphite group compounds include flake type natural or synthesized 
graphite and a graphite based on mesophase pitch such as MCF, MCMB and the like. 
Examples of non-graphite group compounds include an amorphous carbon group 
5 material thermally treated at SOO^-lSOOlC, such as petroleum coke, soft carbon, hard 
carbon, polyparaphenylene or polyacenic compounds, and compounds based on coal. 
Examples of non-carbon group materials include metal oxides, metal sulfides, and metal 
selenides, also called dichalcogenides. Examples of metal oxides include SnO:, WO2, 
M0O2 and the like. Examples of metal sulfides include TiS2, MoS2 and the like. 

10 Examples of metal selenides include NbSe3 and the like. While one or more active 
materials can be used, the kind of active materials is not limited in the present invention. 

Conductive fibrous additive to the cathode and anode electrodes includes metal 
fiber and carbon fiber. Examples of metal fiber include iron, nickel, copper, zinc, 
titanium, aluminum, silver, gold, platinum, alloys such as iron-chromium alloy, iron- 

15 chromium-nickel alloy (popular name: stainless steel), and aluminum alloy such as 
aluminum-copper, aluminum-manganese, aluminum-magnesium, aluminum-silicon- 
magnesium. Examples of carbon fiber include fibers based on synthesized graphite, 
active carbon or vapor-grown whisker. The diameter and the aspect ratio of preferable 
fibriform depend on the particle size distribution of the electrode active materials. In 

20 general, a fiber with diameter from about 0.1 microns to about 25 microns and the aspect 
ratio of about 4 to about 2500 is preferable. 

These fibers could be used without further treatment, or with surface treatment to 
increase adhesion strength. Examples of suitable surface treating methods include 
surface oxidation/reduction reaction, and coating by an organic compound or polymeric 

25 compound. Skilled person in the art can easily prepare fiber embedded electrode 
structures according to this invention regardless of kinds of fiber materials or the process 
for pretreatment of the material. This means that the present invention is not limited to 
any specific types of fibers or the process for preparation of the fibriform. 

Slurr}' for applying to an electrode is prepared by dispersing' a conductive 

30 fibriform (first conductive additive) and electrode active materials to a solvent, to which 
a proper organic binder, or binder dissolved in organic solvent is added. At 

-5- 
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this lime, carbon black other than fibriform or other kinds of carbonaceous powder 
(second conductive additive) can be mixed together in order to satisfy various objects 
considered in designing an electrode. The binder (of the present invention) includes 
poiyvinylidene fluoride group, PVC group, PMMA group, SBR group, SBR Latex group, 
5 PTFE (polytetrafluoroethylene) group, and rubber type polymer. 

The organic solvent of the present invention is volatile and is not remained in the 
electrode after drying the electrode. Though nmp (n-methyl-2-pyrrolidone) or acetone and 
the like are used in general, but organic solvent is not limited in the present invention. 

After the prepared slurry has been applied thinly on a current collector, the slurry 
10 is heated in an oven to evaporate organic solvents. Thus, the electrode is completed. If 
necessary, the volume of an electrode could be decreased through compaction by roll 
press. Examples of a current collector include metal plate, metal foil, metal mesh, metal 
gauze, perforated metal foil, sintered metal fiber mesh, carbon paper, carbon sheet, 
carbon coated metal and the like. The present invention is not limited by the geometrical 
1 5 structure, the elemental composition of the current collector. 

The conductive fibriform, alone or along with a second conductor powder, can be 
dispersed in an organic solvent to facilitate dispersion of the slurry prior to preparing 
slurry mixing. Uniformly mixed slurry can be prepared by physical stirring or by 
ultrasonic dispersion. 

20 The weight percentage of the conductive fibriform in the slurry can be from about 

0.05% to about 50% of total weight of slurry, or from about 0.1% to about 50% of 
electrode total weight of active materials. In the case of using a secondary conductor 
powder, the rate of the powder weight to fibriform weight could change from about 0.01 : 
1 to about 1:0.01. However, preferable ratio of powder is within the range from about 

25 0. 1% to about 20% of the weight of active materials. 

A cylindrical battery is provided using the electrode prepared as described above. 
In accordance with the known process, cathode and anode electrode terminals are welded 
and wound with a separator therebetween to prepare Jelly Roll. It is intercalated to a 
cylinder of 18650 scale. The electrode terminals are welded to the cylinder and its lid 

30 and then an electrolyte is filled and sealed up so as to complete the battery. 
DESCRIPTION OF THF PRFFRRRED EMBODIMENT 
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The present invention will be illustrated in greater detail by way of the following 
examples. The examples are given for illustration of the invention and are not iniended 
to be limiting thereof 

Example 1 

5 PVdF was dissolved in nmp at a ratio of 9:1 to prepare an adhesive solution. 

LiCo02 (Seimi) and graphite (Lonza, KS6) were added to the solution, and mixed to 
prepare the slurry (Slurry A). The composition of the slurry A was LiCo02:graphite: 
PVdF=91 :6:3. To the slurry A, a stainless steel fiber having a diameter of about 1.5 // m 
and a length/diameter ratio of from about 100 to about 1000 was added, dispersed, and 
1 0 mixed to prepare a slurry (Slurry B). The slurry B was applied on an aluminium foil and 
air-dried for about 30 minutes at 130"C to dry the electrode. 

The dispersion of metal fiber was examined by scanning electron microscopy and 
the surface photographs are shown in Figure 1 . 

On the contrary to a common disbelief that fibrous materials are difficult to 
15 disperse within viscous media, the individual metal fibers were remarkably well 
distributed in the electrodes as shown in Figure 1 . 

Example 2 

PVdF of 7.0g was dissolved to nmp of 65 ml, a synthesized graphite (MCMB) of 
93 .Og was added, stirred and dispersed (mixture A), a stainless steel (316L) fiber of 0.5g 
20 having a diameter of 1.5 //m and a length of about 0.5 ---1.0 mm was added to the 
mixture A and dispersed (mixture B). The composition of the mixture B less solvent was 
graphite: metal fiber: binder (PVdF)=9 1.2:2.0:6.8. After applying the mixture B on a 
copper foil at a thickness of 150 microns, it was first dried for 5 hours at an ambient 
temperature, dried again for 12 hours at about 130 °C, and then vacuum dried for 30 
25 minutes at 130 *C. The micrographs of the electrode surface are also shown in figure 1 . 

Example 3 

The electrode prepared as in example 1 was used as a positive electrode, each of 
lithium foils was used as a negative electrode and reference electrode, IM 
LiC104/EC+DEC was used as an electrolyte solution. The cell was constructed. After 
30 construction, voltage was stable as about 3.2 V 
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Discharging capacity according to each of cut-off voltage was shown in Table 1. 
The results of Fig. 2 and Table 1 illustrate that capacity of the electrode was considerably 
increased when a fibrous conductor was added. This result is because an efficient electron 
delivering passage was formed inside of the electrode. This allows a portion of electrode 
5 active materials once-isolated elecu-ically to take part in cell reaction. Also, capacity 
according to cut-off voltage was shown in Table 1 . 

Tabid. 



Changes of capacities of electrodef; according to addition of a fibrous condnrtnr 



Content of 
Metal Fiber (%) 


Capacities of Electrodes according to Gut-off Voltages 

(mAh/g) 




4.0V 


3.8V 


3.6V 


3.3V 


3.0 V 


0 


18 


115 


123 


124 


123 


1 


20 (11%) 


124(8%) 


130(6%) 


131(6%) 


132(6%) 


3 


24 (33%) 


123(7%) 


129(5%) 


131(6%) 


131(6%) 


4 


30(67%) 


128(11%) 


132(7%) 


133(7%) 


134(7%) 



(Values in parentheses are increasing ratios of capacities of electrodes) 



10 This increasing of capacity means that the utility of active materials in the 

electrode is increased. Also, it means that active materials are not used to 100% before a 
fibrous metal conductor is added. It is understood that electron delivery by graphite 
particles as a conventional conductor is insufficient so that active materials partially 
isolated is electrically connected by metal fiber to take part in cell reaction. In the 

15 meantime, capacity is increased in proportion to the higher cut-off voltage of discharging 
curve. It means that IR drop of the electrode is decreased in proportion to the amount of 
metal added. 

Example 4 

The electrode prepared as in example 2 was used as a positive electrode, lithium 
20 foil was used as a negative electrode, and Celgard 1400 membrane was used as a 
separator. This layered structure and 1 M LiPE6/EC+DEC as an electrolyte solution was 
used to make a cell. After completion of construction of the cell, voltage of an open 
circuit was about 3.2 V, 

An intercalation/deintercalation of lithium ion was repeated using a current density per 
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unit area of 0.31 mA/cm^. The relationship between capacity and voltage of cell, and 
deintercalaiion capacity of carbon electrode are shown in Table 2, Table 3, Fig. 3. 

lahkJL 



Changes of hiph-speed discharging capacities according to addition of a fihrnii«; 
5 conductor 

(cut-offvoltage= 1.5 V) 



Types of Electrode 


Capacities At Different Discharging Ratios 
(mAh/g carbon) 


0.31 


1.55 


3.1 


4.65 


6.2mAh/cm^ 


Electrode in which 
a fiber is added 


300 


274 


229 


265 


139 


Electrode in which 
a fiber is not added 


281 


257 


230 


149 


98 



Table 3. 

Changes of hiph-soeed discharging capacities according to ad dition of a fihrm^Q 
10 conductor 

(cut-off voltage = 0.9 V) 



Types of Electrode 


Capacities At Different Discharging Ratios 
(mAh/g carbon) 


0.31 


1.55 


3.1 


4.65 


6.2mAh/cm" 


Electrode in which 
a fiber is added 


297 


272 


224 


174 


128 


Electrode in which 
a fiber is not added 


279 


256 


226 


126 


73 



The irreversible lithium ion uptake as well as reversible capacity from anodes 
have been examined and displayed in Figure 3. Compared to a control that contains no 
15 conductive additives, the fiber-containing electrode exhibited about 14% increase in 
reversible capacity, while the increase in irreversible reaction is only by 2 mAh/g. 
Carbon black-added anode with comparable volumetric quantity to fibers also 

-9- 
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exhibits similar level of reversible capacity, but only at the expense of almost twofold 
increase in irreversible capacity toll. 

The above results indicate that the contribution of metal fiber to the increase in 
the irreversible lithium uptake is almost none. The contribution from fiber to the 
5 electrode active area has been calculated and found negligible while the carbon black at 
the comparable volume content almost quadruples the electrode area. The increase in the 
reversible capacity is, again as in the case of cathodes, attributed to improved utilization 
of MCMB particles and lower IR drop that prevents the electrode from reaching to the 
cutoff potential prematurely. 

10 Example 5 

Metal fibrous conductor (a first conductor) was used along with a conventional 
powder type conductor (a second conductor). Nickel fiber of 0.4g having a diameter of 
2//m and a length of 0.5 nm, carbon black of 0.4g, synthesized graphite (SFG15, 
Timcal) of 0.9g and solvent (nmp) of 20g were mixed and dispersed uniformly, and then 

1 5 mixed with 13 wt% PVdF/nmp solution of lOg and stirred by a pestle to give an uniform 
slurry. 

The composition of the mixture excepts of the above described solvent was 
graphite: metal fiber: carbon black: binder (PVdF)=8 1:3.6:3.6:1 1.8. After applying the 
mixture on a copper foil at a thickness of 100 microns, the same processes as described in 
20 Example 2 were repeated to prepare the cell. It was conformed that the adhering strength 
of the electrode active materials was more increased. A high-speed discharging capacity 
was 8.3 mA/cm2 which is 50% of a total capacity. 

Example 6 

After the mixture B prepared as in Example 1 was applied on Cu Exmet (mesh 
25 type collector) at a thickness of about 200 ^m, the same processes as described in 
Example 2 were repeated to prepare the cell. It was conformed that the adhering strength 
of the electrode active materials was more increased. A high-speed discharging capacity 
was 8.3 mA/cm2, which is 50% of a total capacity. 

Example 7 

30 Carbon whisker being undergone graphitization reaction of 0,5g having 

a diameter of 5 p m and a length of 1 mm and a stainless steel fiber of 0.2g ' having a 

- 10- 
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diameter of 0.5 fi m and a length of 0.5 mm, MCMB of 9,0g and a solvent (nmp) of 17g 
were uniformly dispersed, mixed with 13wt% PVdF/nmp solution of 8.0g and stirred to 
prepare a slurry. After the mixture was applied on Cu foil at a thickness of about 100 
microns, the drying process as described in Example 2 was performed to prepare the 
5 electrode for constructing a cell. The electrode prepared was appeared to have a very 
strong adhering strength. When recharging/discharging steps were repeated at 0.3 
mA/cm^, a capacity was maintained to about 95% of an initial capacity after 100 times of 
repetition. 

Example 8 

10 In order to verify the efficacy of fibrous conductive additives in real Li-ion battery 

applications, commercial-size cylindrical cells were manufactured using 316L fiber- 
added electrodes. The 1 8650 cells were compared at a nominal capacity of ca. 1400 mAh 
with all the electrode process variables and physical characteristics adjusted accordingly. 
The assembled batteries were subjected to cycle tests in the following order; i) 

15 preconditioning at a 1/1 OC rate for the first charge and discharge sequence, ii) followed 
by four 1/5C rate cycles, and iii) subsequent IC rate cycles with a restriction on the total 
charge time, which was 2.5 hours in the experiments shown in the Figure 5. During the 
1 C rate charge constant current mode with voltage limit of 4. 1 V was applied. 

For the first five cycles, where the charge/discharge current is low, the capacities 

20 for the two cells are similar. But when the current was raised to a IC rate, it was evident 
that the capacity of the control cell sharply drops by more than 200 mAh and do not keep 
up with the metal fiber-added counterpart. 
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WHAT IS ri AIMFn IS - 

1. A rechargeable lithium ion battery comprising a cathode electrode, an 
anode electrode, an electrolyte and a separator, wherein at least one of said cathode 
electrode and anode electrode comprises an additive of from about 0.1 to about 50 % wt. 

5 of electrode active materials, and said additive is a fibriform having a diameter from 
about 0. 1 to about 25 microns, and an aspect ratio of from about 4 to about 2500. 

2. The battery according to Claim 1, wherein said additive comprises a 
material selected from the group consisting of iron, nickel, copper, zinc, titanium, 
aluminium, silver, gold, platinum, ion-chromium alloy, ion-chromium-nickel alloy, and 

10 aluminium alloy. 

3. The battery according to Claim 1, wherein said additive comprises a fiber 
based on a synthesized graphite and an active carbon or a gas phase grown whisker type 
carbon fiber. 

4. The battery according to Claim 1, wherein said cathode electrode 
15 comprises a material, as an active compound, selected from the group consisting of a 

compound capable of reacting reversibly with a lithium ion, a compound having a 
structure that a lithium ion can be intercalated, an organic sulfur compound, and a 
polymeric organic sulfur compound. 

5. The battery according to Claim 4, wherein said active compound 
20 comprises active materials represented by: 

Lii.xAxNi|.YBY02 

(where, A= alkaline metal or alkaline earth metal, 

B=transition metal, 0 ^x<0.1,0<y< 1.0); 
LiMn2.yMY04 (where, M= Fe, Co, Ni: 0.02 ^ y ^ 0.3); 
25 Li|.xNi|.YBY02 (where, B= transition metal. 0<x:<0.1,0<y< 

1.0); 
NbSe3; 
LixV205; or 

LixV60,3 (where, 0 < x < 3.0). 
30 6. The battery according to Claim 1, wherein said anode 
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electrode comprises a material, as an active compound, selected, from the group 
consisting of a compound capable of reacting reversibly with a lithium ion, a compound 
having a structure in w^hich reaction products of a lithium ion with an electrolyte salt or 
an electrolyte solvent are capable of deposition or precipitation, a compound having a 
5 structure with which a lithium ion can be intercalated, lithium metal, lithium alloy, and 
carbon. 

7. The battery according to Claim 1, wherein said additive comprises a metal 
fiber prepared from a material selected from the group of: 

a) a metal comprising iron, nickel, copper, zinc, titanium, aluminium, 
1 0 silver, gold, or platinum; 

b) ion-chromium-nickel alloy; and 

c) aluminium alloy including aluminium-copper, aluminium-manganese, 
aluminium-magnesium and aluminium-silicon-magnesium. 

8. The battery according to Claim 1, wherein said electrolyte comprises a 
15 lithium salt selected from the group consisting of LiPF6, LiBF4, LiC104, LiAsF6, LiSbF6, 

LiN(CF3S02)2, LiCFaSOi, and LiN(S02C2F5)5. 

9. The battery according to Claim 1, wherein said electrolyte comprises a 
solvent selected from the group consisting of ethylene carbonate, propylene carbonate, 
vinylene carbonate, dimethyl carbonate, buthylene carbonate, y -butyrolactone, diethyl 

20 carbonate, ethylmethyl carbonate, N,N-dimethyl acetamide, dimethoxyethane and a 
mixture thereof 

10. The battery according to Claim 1, wherein said separator is a microporous 
polymeric membrane or nonfabric. 

1 1 . The battery according to Claim K wherein said metal fiber has a diameter 
25 from about 0.5 microns to about 4 microns, and an aspect ratio of from about 4 to about 

2500. 

12. The battery according to Claim 1, wherein said additive is a mixture of 
two or more different kind fibrous additives. 

13. The battery according to Claim 1, wherein content of said additive is from 
30 about 0. 1 % to about 1 0% by weight of electrode active materials. 

14. A method of manufacturing a rechargeable lithium 
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ion battery comprising the steps of: 

a) preparing a suspension by adding an additive of about 0.1% to about 
50% by weight to electrode active materials, said additive consisting of a material 
selected from a group of iron, nickel, copper, zinc, titanium, aluminium, silver, gold, 
platinum, ion-chromium alloy, ion-chromium-nickel alloy, and aluminium alloy and said 
additive being a fibriform having a diameter from about 0.5 to about 25 microns and an 
aspect ratio of from about 4 to about 2500; 

b) applying the suspension to a collector; and 

c) heating the collector obtained in step b). 
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